More than 110 taxa of siliceous flagellates including silicoflagellates, ebridians, actiniscidians, and synuraceans are tabulated from Cenozoic sediments of Holes 908A and 913B. The assemblages investigated from Hole 908A, Fram Strait, are assigned to the upper Oligocene Cannopilus hemisphaericus Zone of silicoflagellates. The assemblages studied from Hole 913B, East Greenland margin, yielded in the upper part the middle Miocene Spongebria miocenica Zone of ebridians and in the lower part the middle to upper Eocene Corbisema hexacantha Zone of silicoflagellates.
INTRODUCTION METHODS
During Ocean Drilling Program Leg 151, seven sites were occupied in the Norwegian-Greenland Sea and the Arctic Ocean. The sites were located in four regions ( Fig. 1 ) to investigate the paleoceanographic, paleoclimatic, and biotic evolution of the boreal, subarctic, and arctic realms (Myhre, Thiede, Firth, et al., 1995) . The study of paleoceanography was especially addressed to the development of the northern and southern gateways that connect the NorwegianGreenland Sea in the present with adjacent oceanic regions, (i.e. the Arctic Ocean in the north and the North Atlantic in the south). Investigations of siliceous plankton groups may help to understand when and in what manner the northern and southern gateways, the Fram Strait and the Greenland-Scotland Ridge, allowed continuous surface-water exchange.
The history of the Norwegian-Greenland Sea as a deep-water connection between the Arctic Ocean and the North Atlantic commenced in early Eocene time . Siliceous plankton species documenting this early phase of paleoceanographic evolution were recovered during previous DSDP/ODP legs only at a few sites (Talwani, Udintsev, et al., 1976; . Hence, the recovery of Paleogene sediments at Sites 908 and 913, enabling high-resolution studies of siliceous flagellates, is of great importance.
In this paper, silicoflagellates are used to establish a continuous biostratigraphy from the lower Eocene to the Quaternary (Table 1 ; Fig. 2 ) and to determine the stratigraphic position of Paleogene biosilica-bearing sediments in Holes 908A and 913B (Tables 2,4 ). Since ebridian data are insufficient for the Paleogene, only informal assemblages are designated and are correlated to silicoflagellate zones (Tables 3, 5) . The stratigraphy of Miocene sediments in Hole 913B is determined solely by ebridians (Table 4) . Sediment samples totalling 235 were treated from Holes 908A and 913B to investigate Cenozoic silicoflagellates, ebridians, and other siliceous flagellates. Usually one sample per section was taken, but from the deeper part of Hole 913B only two samples per core were used. To concentrate the skeletons, samples were successively processed with hydrogen peroxide, hydrochloric acid, and sodium pyrophosphate. After the use of acid and lye, samples were washed three times. The decalcified residues were strewn on cover glasses 22 × 22 mm in size and embedded in Canada balsam on glass slides.
Generally, eight traverses across a cover glass (21%) were counted with a magnification of 390× and tabulated for species abundances. In many cases, more traverses were scanned to recognize rare but indicative species. The following abundance classes were used: B = barren; T = traces, specimens out of count; R = rare, 1-5 specimens; F = few, 6-15 specimens; C = common, 16-50 specimens; A = abundant, >50 specimens. Special assumptions were made for certain taxa. If complete skeletons of Naviculopsis species were missing, fragments were indicated as P = present. Because small specimens of Hovassebria brevispinosa can be easily confused with triodes, all skeletons were indicated only as P = present. Although noted during the counting process, isolated triodes and triaenes were neglected in tables.
Since siliceous flagellates are minor constituents of the plankton assemblages, diatom frequencies were estimated as an indicator for expected abundances of siliceous flagellates. Diatom abundances were referred to the decalcified residue and noted as percent coverage of the viewing field. The following abundance classes were adopted: B = barren; T = traces, single valves and/or remnants of corrosion, generally <1% of coverage; R = rare, l%-5%; F = few, 6%-15%; C = common, 16%-50%; A = abundant, >50%.
The preservation of skeletons was indicated as follows: P = poor, specimens are fragmented or strongly corroded; M = moderate, specimens show minor signs of fragmentation or corrosion; G = good, specimens are not fragmented or corroded. Because an assemblage may exhibit all stages of preservation ranging from poor to good, the preservation is usually indicated by two letters. The first letter gives the most frequent category, the second one the next frequent category. The sediment sequences studied are placed into silicoflagellate zones which are delimited by certain bioevents (Table 1; Fig. 2 ). The silicoflagellate events, that is, the first and last occurrences (FO, LO) of particular species, are referred to the paleomagnetic time scale of Cande and Kent (1992) and to the recalculated nannoplankton ages of Wei and Peleo-Alampay (1993) . The events are preferably related to the North Atlantic and Norwegian-Greenland Sea realms to avoid bioprovincially biased data. Since no ebridian zones are available for the Paleogene at present, the assemblages found are correlated to silicoflagellate zones. This enables indirect correlation to the calcareous nannoplankton zonation of Martini (1971) .
SILICOFLAGELLATE EVENTS
The silicoflagellate zonation used for ODP Leg 151 is based on the set of events displayed in Table 1 and Figure 2 . The Neogene zonation corresponds to that described by Locker and Martini (1989) and the Paleogene zonation mainly to that introduced by Bukry (1981b) . The Neogene zonation is well established both in the Atlantic and Pacific Oceans. Only minor changes must be introduced to get a better fit with the nannoplankton zonations of Martini (1971) and Okada and Bukry (1980) . The Paleogene zonation is rather loosely defined in certain parts, because biosilica-bearing sediments of that age are predominantly represented only in short sequences. The set of events that establishes the silicoflagellate zonation of ODP Leg 151 is described from base to top.
FO of Naviculopsis robusta
Although the Naviculopsis robusta Zone has a wide geographic range in former epicontinental seas of Russia (Glezer, 1970) , this zone seems to represent more oceanic conditions in the North Atlantic realm (Bukry, 1978b) . The first occurrence (FO) of N. robusta correlates in DSDP Hole 390A (Bukry, 1978b) , Northwest Atlantic, with nannoplankton Zone CP10 of Okada and Bukry (1980) = Zone NP12 of Martini (1971) . The overlying Corbisema spinosa Zone starts with Zone CP11 = Zone NP13. The base of Zone CP10 has an age of 52.5 Ma (Wei and Peleo-Alampay, 1993) .
FO of Corbisema spinosa
The Corbisema spinosa Zone is known from many holes of the Atlantic and Pacific Oceans. The FO of C. spinosa ranges from Zone CPU to CP13b = Zone NP13 to NP15. The lowest occurrence is in Hole 39OA (Bukry, 1978b) , Northwest Atlantic, and belongs to Zone CP11 = Zone NP13. The base of Zone CP11 has an age of 50.5 Ma (Wei and Peleo-Alampay, 1993) .
FO of Corbisema hexacantha
The Corbisema hexacantha Zone is described from several holes in the Atlantic and Pacific Oceans. The FO of C. hexacantha displays a considerable range, which may be due to the short intervals usually recovered. The lowest occurrence is found in DSDP Hole 386 Table 1 . Cenozoic silicoflagellate events, adopted occurrences in North Atlantic and Norwegian-Greenland Sea holes, and ages. Paleomagnetic data are from Bleil (1989) , ages are from Wei and Peleo-Alampay (1993 (Bukry, 1978c) , Northwest Atlantic, and correlates to Zone CP13c = upper Zone NP15. This is in accordance with data from the Kellogg Shale, California, where the FO is also found in Zone CP13c = upper Zone NP15 (Bukry in Barron et al., 1984) . Here an intermediate age of 44.2 Ma is adopted for the middle of Zone CP13c (Wei and PeleoAlampay, 1993) .
LO of Corbisema hexacantha
The last occurrence (LO) of C. hexacantha is detected in several holes of the Atlantic and Pacific Oceans, but is often poorly defined by nannoplankton correlations. In DSDP Hole 406 (Bukry, 1985a) , North Atlantic, the LO of this species occurs within Zones NP19/20 (Müller, 1979) . In DSDP Hole 612 (Bukry, 1987) , Northwest Atlantic, the LO occurs in the middle of Zone CP15b = Zones NP19/20. Here an intermediate age of 34.7 Ma is adopted for the middle of Zone CP15b (Wei and Peleo-Alampay, 1993) .
LO of Corbisema apiculata
The Corbisema apiculata Zone straddles the Eocene to Oligocene transition, which is characterized by a decline of species diversities and abundances in most regions. Since biosiliceous sediments of early Oligocene age are rarely recovered both in the Atlantic and Pacific Oceans, stratigraphical resolution is generally poorer for this interval. Reworking may also mask the LO of C. apiculata in many holes. The best correlation seems to be in DSDP Hole 369A, Northeast Atlantic (Bukry, 1978a) , where the last common and consistent occurrence is in Zone CP16c = Zone NP22. Hence, the LO of C. apiculata is tentatively placed at the top of Zone CP16c, corresponding to an age of 32.4 Ma (Wei and Peleo-Alampay, 1993) .
FO of Cannopilus hemisphaericus
The FO of C. hemisphaericus delimits the top of the Naviculopsis biapiculata Zone, which is a rather undifferentiated lower to upper Oligocene silicoflagellate zone. The FO simultaneously marks the base of the Cannopilus hemisphaericus Zone, which is sometimes noted as Distephanus speculum haliomma Zone (Bukry, 1981b; Perch-Nielsen, 1985) . The FO of C. hemisphaericus occurs in Hole 369A (Bukry, 1978a) , Northeast Atlantic, in Zone CP19b = Zone NP25. In DSDP Hole 338 (Martini and Müller, 1976) , Norwegian Sea, the FO is found in Zones NP24/25 (new interpretation) and in Hole 406 (Bukry, 1985a) , North Atlantic, in Zone NP24 (Müller, 1979) . According to the joint occurrence of C. hemisphaericus and Discolithina desueta in Hole 338 , the FO of C. hemisphaericus may really be in Zone NP24 (see Müller, 1970) . Acknowledging these results, the FO of C. hemisphaericus may be placed at the base of Zone NP25 or, tentatively, in the middle of Zone NP24. Here the latter datum is preferred, corresponding to an age of 27.8 Ma (Wei and Peleo-Alampay, 1993) .
FO of Naviculopsis lata
The Naviculopsis lata Zone is well known from several sites in the Atlantic and Pacific Oceans. The FO of N. lata lies in Hole 369A (Bukry, 1978a) , Northeast Atlantic, possibly in Zone CP19b = Zone NP25. In DSDP Hole 407 (Martini, 1979) , North Atlantic, the FO is in the middle of Zone NN1. Assuming an intermediate level, the base of Zone NN1 can be adopted as the datum plane, corresponding to an age of 24.0 Ma (Wei and Peleo-Alampay, 1993) .
FO of Naviculopsis navicula
The Naviculopsis navicula Zone ranges from the FO of N. navicula to the LO of N. quadratum and all Naviculopsis species, respectively. The FO of N. navicula is precisely indicated in Chron CóAn.ln of DSDP Hole 642C, Norwegian Sea Bleil, 1989) . This correlates with the middle of Zone NN2 and an age of 20.7 Ma (recalculated from Locker and Martini, 1989) .
LO of all Naviculopsis species
The LO of all Naviculopsis species lies in Hole 407 (Martini, 1979) , North Atlantic, in upper Zones CNlb/2 = Zones NN1/3 (Bukry, 1979) . In Hole 642C, Norwegian Sea, the LO is in lower Chron C5En Bleil, 1989) , which approximates the top of Zone NN2. The top of Zone NN2 has an age of 18.7 Ma (Wei and Peleo-Alampay, 1993) .
FO of Mesocena diodon
In many holes, the very distinctive FO of M. diodon subdivides the Corbisema triacantha Zone into a lower and an upper part. The FO of M. diodon is indicated in Chron C5ADr of Hole 642C, Norwegian Sea Bleil, 1989) , which correlates to upper Zone NN5. The age can be given as 14.7 Ma (recalculated from Locker and Martini, 1989) .
FO/LO of Distephanus stauracanthus
The FO and LO of D. stauracanthus are used to define the Distephanus stauracanthus Subzone in Atlantic and Pacific Ocean holes. In Locker and Martini (1989) , both events were placed in Zone NN6, but some indications are given also for Zone NN7. In Hole 408 (Bukry, 1979) , North Atlantic, the FO and LO of D. stauracanthus are possibly in Zones CN5b/6 = Zones NN7/8. In DSDP Hole 555 (Bukry, 1985a) , North Atlantic, both events are indicated for Zones NN7/8 (Backman, 1984) . In Hole 470 (Bukry, 1981a) , Northeast Pacific, the LO may be in Zone CN5b = Zone NN7. Since the nannoplankton evidence is rather indistinct for this interval, both events are further placed into Zone NN6, comparable to many Atlantic and Pacific holes. Based on these results, the LO of D. stauracanthus may be approximately correlated to the top of Zone NN6, corresponding to an age of 13.2 Ma (Wei and Peleo-Alampay, 1993) .
LO of Corbisema triacantha
The LO of C. triacantha delimits the upper Corbisema triacantha Zone. Since C. triacantha represents a warm-adapted species, the LO may have occurred earlier in higher latitudes than in lower ones. Sometimes sub-top occurrences of D. stauracanthus or supra-top occurrences of C. hemisphaericus or Cannopilus depressus roughly indicate the top of this zone. Nevertheless, increasing evidence indicates that the LO of C. triacantha is in Zone NN7. This applies for Holes 408 (Bukry, 1979) and 555 (Bukry 1985a ) of the northern Atlantic, where Zones CN5b/6 = Zones NN7/8 are found. This proves right also for Holes 173 (Ling, 1977) and 469 (Bukry, 1981a) in the northeastern Pacific, where foraminifer cross correlation and direct nannoplankton evidence indicate Zone CN5b = Zone NN7. According to these interpretations, the LO of C. triacantha is indicated here in the middle of Zone NN7, corresponding to an age of 12.2 Ma (Wei and Peleo-Alampay, 1993 ).
LO of Paramesocena circulus apiculata to LO of Mesocena quadrangula
The events of Paramesocena circulus apiculata, Mesocena diodon, Distephanus aculeatus, Distephanus speculum f. octonarius and Mesocena quadrangula are well defined in Holes 642C and 644A of the Norwegian Sea . Using Wei and Peleo-Alampay (1993) as a source, only the ages were recalculated (Table 1) .
SITE SUMMARIES Site 908
Hole 908A (78°23.112'N, 1°21.637'E, 1284.5 m of water depth) was drilled on the Hovgàrd Ridge which delimits the Boreas Basin to the north. The site was positioned on top of Hovgárd Ridge to investigate the tectonic, sedimentological, and paleoceanographic history of this topographic element in the middle of the Fram Strait (Myhre, Thiede, Firth, et al., 1995) . The sedimentary sequence recovered was divided into two lithological units. Lithologic Unit I (0-185 mbsf, Quaternary to Pliocene) consists of interbedded clayey or silty muds, clayey silts, and silty clays. Lithologic Unit II (185-345 mbsf, Oligocene) comprises predominantly biosilica-bearing silty clays. Most of the samples studied from Cores 151-908A-17X to 35X contain poorly to moderately preserved siliceous microfossils, such as diatoms, silicoflagellates, ebridians, actiniscidians, chrysophyceans, radiolarians, and sponge spicules.
Silicoflagellates (Table 2)
Samples 151-908A-13X-1,78-82 cm, through 16X-4,48-53 cm, are barren of silicoflagellates. The interval from Sample 151-908A-17X-1,52-54 cm, to 20X-6,57-60 cm, displays poorly preserved assemblages which are probably all reworked from older, mainly Paleogene, strata. Strong reworking is indicated especially by Lyramula furcula, which occurs only in upper Cretaceous sediments. No age diagnostic silicoflagellates could be found for that interval.
The sequence from Sample 151-908A-21X-1, 56-57 cm, to 35X-4, 9-10 cm, is characterized by changing preservational conditions. Intervals that have moderately preserved assemblages clearly alternate with intervals that have poorly preserved assemblages. The bulk of species obviously occurs throughout the column without major differentiation. But some species within intervals of better preservation hint at an influence of North Atlantic surface-water. Such species are Cannopilus hemisphaericus, Distephanus crux, D. paulii, D. speculum, Septamesocena apiculata subsp. glabra, and some Naviculopsis taxa.
The co-occurrence of C. hemisphaericus and C. jouseae indicates that the entire sequence from Sample 151-908A-21X-1,56-57 cm, to 34X-3, 57-59 cm, belongs in the Cannopilus hemisphaericus Zone, which is of late Oligocene age. The restricted occurrence of D. paulii marks a distinct interval or subzone within this zone. Assuming the FO of Cannopilus hemisphaericus is in the middle of nannoplankton Zone NP24 (Fig. 2) , Chron C9r may be present below 320 m.
The interval from Sample 151-908A-34X-4,57-59 cm, to 35X-4, 9-10 cm, remains unzoned, because diagnostic silicoflagellates are missing. Samples 151-908A-35X-5,9-10 cm, through 37X-2,57-58 cm, are barren of silicoflagellates.
Ebridians and Actiniscidians (Table 3)
Samples 151-908A-13X-1,78-82 cm, through 16X-4,48-53 cm, are barren of ebridians and other siliceous flagellates. The interval from Sample 151-908A-17X-1,52-54 cm, to 20X-6,57-60 cm, contains a limited number of species which are mainly reworked from Paleogene strata. A single specimen of Thranium sp. found in Sample 151-908A-18X-1, 58-60 cm, is probably autochthonous. It hints at a time interval from the middle Miocene to the earliest Pliocene (see Locker and Martini, 1989) . Hence, the paleomagnetic sequence above the hiatus at about 186 m (Myhre, Thiede, Firth, et al., 1995) may represent Chron C3 or C3A.
The sequence from Sample 151-908A-21X-1, 56-57 cm, to 35X-4, 9-10 cm, is characterized by several ebridian and actiniscidian species, such as Carduifolia gracilis, Ebriopsis crenulata, Hermesinopsis exigua, and other taxa. A distinct interval is indicated by Hermesinella paraconata, which ranges from Sample 151-908A-21X-5, 56-57 cm, to 24X-2, 58-59 cm. Two short intervals, covering Samples 151-908A-28X-5, 57-59 cm, and 28X-6, 57-59 cm, and Samples 151-908A-34X-2,57-59 cm, to 34X-4,57-59 cm, are characterized by Hermesinum acus. The entire sequence correlates with the Cannopilus hemisphaericus Zone of silicoflagellates, which is of late Oligocene age.
Samples 151-908A-35X-5, 9-10 cm, through 37X-2, 57-58 cm, from the basal part of the hole are barren of ebridians and other siliceous flagellates.
Site 913
Hole 913B (75°29.356'N, 06°56.810'W, 3318 .4 m of water depth) was drilled in the deep Greenland Basin on oceanic crust slightly older than Anomaly 24B. The site was planned as the north-ernmost end-member of a transect along the East Greenland margin to investigate the evolution of the East Greenland Current, the formation of deep-water in the Greenland Basin, and the onset of Northern Hemisphere glaciation (Myhre, Thiede, Firth, et al., 1995) . The sedimentary sequence recovered was divided into three lithological units. Lithologic Unit I (0-3 mbsf, Quaternary) consists of interbedded clays, silts, sands, and biocarbonate-bearing clays. Lithologic Unit II (3-388 mbsf, Quaternary to Miocene) comprises interbedded clayey to silty muds, silty clays, and clayey silts. Lithologic Unit III (388-770 mbsf, Miocene to Eocene) consists of interbedded massive and laminated silty clays, various biosilica-bearing clayey sediments, laminated clays, and silty clays and muds. Samples studied from Cores 151-913B-19W to 50R revealed that siliceous microfossils are present only in certain intervals, especially in Core 151-913B-19W and Cores 151-913B-24R to 27R. The microfossil assemblages comprise poorly to moderately preserved diatoms, silicoflagellates, ebridians, actiniscidians, chrysophyceans, radiolarians, and sponge spicules.
Silicoflagellates (Table 4)
Samples 151- [132] [133] [134] [133] [134] [135] [76] [77] [78] [144] [145] [146] [147] [148] cm, contain rare specimens of Cannopilus hemisphaericus and Distephanus crux, which suggests an interval above the FAD of C. hemisphaericus in Oligocene time (Fig.  2) .
The interval from Sample 151-913B-20R-1, 83-87 cm, to 24R-1,115-118 cm, is barren of silicoflagellates. Most peculiar is the occurrence of many radiolarian fragments in Sample 151-913B-24R-1, 115-118 cm, which suggests a horizon of strong reworking.
Samples 151-913B-24R-2, 116-119 cm, to 24R-4, 111-114 cm, contain a few nondiagnostic silicoflagellate skeletons. The sequence from Sample 151-913B-24R-CC to 26R-6, 110-112 cm, displays highly diversified assemblages comprising Corbisema hexacantha, C. regina, Dictyocha challengeri, Naviculopsis foliacea, and other species. The consistent occurrence of C. hexacantha in these samples indicates the Corbisema hexacantha Zone of middle to late Eocene age (Fig. 2) .
The interval from Sample 151-913B-26R-CC to 27R-5, 118-122 cm, remains unzoned, because diagnostic silicoflagellates are missing. Samples 151-913B-27R-6, 113-117 cm, through 50R-4, 113-117 cm, are barren of silicoflagellates. (Table 5) Samples 151- 913B-19W-1, 132-134 cm, through 19W-3, 133-135 cm, are barren of ebridians and other siliceous flagellates. [76] [77] [78] [144] [145] [146] [147] [148] cm, are dominated by Spongebria miocenica and Actiniscus pentasterias. According to the results of analysis of Hole 642C, the occurrence of Spongebria miocenica clearly points at a middle Miocene interval around Chron C5B, corresponding to upper Zone NN4 and Zone NN5 .
Ebridians and Actiniscidians
The sequence from Sample 151-913B-20R-1, 83-87 cm, to 24R-1, 115-118 cm, is barren both of ebridians and other siliceous flagellates. Samples 151-913B-24R-2, 116-119 cm, and 24R-3, 117-120 cm, contain only rare specimens of ebridians and actiniscidians. However, from Sample 151-913B-24R-4, 111-114 cm, to 27R-2, 113-117 cm, highly diversified assemblages follow. Most common are specimens of Hermesinopsis sp. B. The entire interval can be characterized by the joint occurrence of three Ebriopsis species, under which Ebriopsis acuta dominates. The whole sequence correlates, more or less, with the Corbisema hexacantha Zone of silicoflagellates, which is of middle to late Eocene age.
The interval from Sample 151-913B-27R-3,113-117 cm, to27R-5, 118-122 cm, contains only a few undiagnostic ebridians. Samples 151-913B-27R-6,113-117cm, through 50R-4,113-117 cm, are barren of ebridians and other siliceous flagellates.
PALEOCEANOGRAPHY IMPLICATIONS
Although DSDP Leg 38 and ODP Leg 104 yielded Paleogene sediments from the Norwegian-Greenland Sea, our knowledge of the early history of this ocean is still very limited. As long as sediment sequences and respective time equivalents are delivered in short fragments, the history can be reconstructed only piece by piece. However, high-resolution studies of sediment sequences recovered during ODP Leg 151 will help to decifer the Paleogene evolution of the Norwegian-Greenland Sea.
Silicoflagellate species are important indicators for paleoenvironmental changes during the past. Special ecological adaptations of species may explain the distribution of warm and cold surface-water masses. Certain species found at different localities may indicate connections between widely separated oceanic regions, either via broad shelf areas or via oceanic gateways.
During the late Cretaceous, the Norwegian-Greenland Sea was probably a shallow and narrow seaway (Ziegler, 1982) with some surface-water exchange to the Arctic Ocean, as indicated by the reworked upper Cretaceous silicoflagellate Lyramula furcula found in Miocene-Pliocene sediments of Hole 908A. In the Late Cretaceous, the Arctic Ocean was a high-productivity area that produced high amounts of siliceous plankton, including various silicoflagellate species (see Ling et al., 1973; Bukry, 1981c Bukry, , 1985b .
The history of the Norwegian-Greenland Sea as a deep ocean started when rifting and drifting commenced in the early Eocene at about 54.7 Ma . From the early middle Eocene, only silicoflagellate assemblages containing Naviculopsis minor and Corbisema spinosa are known from DSDP Hole 343 (Martini and Müller, 1976) , which may be endemic. During late middle and late Eocene, the Norwegian-Greenland Sea was probably well connected to the Arctic Ocean and adjoining regions, as can be deduced from similar silicoflagellate assemblages. Both in Arctic Core Fl-422 (Bukry, 1984) and in Norwegian-Greenland Sea Holes 340 (Martini and Müller, 1976) and 913B, middle to late Eocene silicoflagellate assemblages containing Corbisema spinosa and Corbisema hexacantha were found.
Some ebridian species provide additional data for paleoceanographic comparisons. The occurrence of Ammodochium fletcheri in Hole 913B appears most remarkable, because it was first recorded from Core Fl-422 of the Arctic Ocean (Ling, 1985) , which is correlated to the middle to upper Eocene Corbisema hexacantha Zone (Bukry, 1984) . Parebriopsis symmetrica, first described from the upper Eocene to lower Oligocene of Vema Site 43 on the V0ring Plateau , was also found in the Eocene sequence of Hole 913B on the East Greenland margin.
The time interval from the late Eocene to the early Oligocene is insufficiently known, although respective sediments have been described from DSDP Holes 338 and 339 (Martini and Müller, 1976) . The late Oligocene interval, however, is now well documented by sediments from Hole 908A that contain silicoflagellate assemblages with Cannopilus hemisphaericus and Cannopilus jouseae. In this context, a special aspect of these assemblages must be discussed.
The late Oligocene assemblages recovered at Site 908 show several fluctuations in their composition. Well preserved assemblages include, beside a host of other species, Cannopilus hemisphaericus, Dictyocha bryonalis, Distephanus crux, D. paulii, D. speculum, and Septamesocena apiculata subsp. glabra (Table 2 ). Owing to the general habitus of skeletons, these assemblages probably indicate a restricted influence of surface-water from the North Atlantic. This is confirmed by upper Oligocene assemblages found at Silstrup in Denmark that solely include Cannopilus hemisphaericus, Distephanus crux, Distephanus speculum, and Septamesocena apiculata subsp.
glabra (von Salis, 1993) . In contrast, less well-preserved assemblages do not exhibit those species, but they contain Corbisema lammellifera, Dictyocha carentis, D. deflandrei, D. rotundata, and Distephanus antiquus. This may be explained either by changing preservational conditions or by changing paleoceanographic connections. Since many species of the latter assemblages were thoroughly described from the West Siberian Platform and the Ural Strait (Glezer, 1970) , paleoceanographic connections via the Arctic Ocean or the Barents Sea may be indicated.
Some ebridian species contribute additional paleoceanographic data. Hermesinum geminum, which is continously present in the deeper part of Hole 908A, was first described from the upper Eocene and the Oligocene of DSDP Hole 280 and from the upper Oligocene of DSDP Hole 278 in the southwestern Pacific . It was also indicated for the upper Eocene of the V0ring Plateau in the Norwegian Sea . Ammodochium pyramidale, which is present throughout the upper Oligocene of Hole 908A, reaches into the lower and middle Miocene of Hole 642C in the Norwegian Sea .
The assemblages of siliceous flagellates demonstrate that a permanent surface-water exchange may have existed between the Norwegian-Greenland Sea, the Arctic Ocean, and probably also the Barents Sea during Eocene and Oligocene times. Minor surface-water input from the North Atlantic is indicated by certain silicoflagellate species for the late Oligocene.
TAXONOMY
Taxonomic data of silicoflagellates, ebridians, and other siliceous flagellates are presented in an alphabetical list of species, subspecies, and forms. The data were summarized from Loeblich et al. (1968) , from Locker (1974) , and from DSDP/ODP publications. All taxa were treated as outlined in Locker and Martini (1986) .
More than 15 taxa of silicoflagellates and ebridians were recognized as new, but most of them will be described elsewhere. Only three ebridian species that characterize middle to upper Eocene and upper Oligocene assemblages are introduced here as new. They are described according to the requirements of the International Code of Botanical Nomenclature (Greuter, 1994) . The holotypes are deposited in the Senckenberg Museum, Frankfurt/ Main, Germany. ;23
